The emergence of multidrug-resistant and extensively drug-resistant tuberculosis (TB) and the advent of acquired immunodeficiency syndrome (AIDS) have complicated the diagnosis and treatment of central nervous system tuberculosis in children. Manifestations of central nervous system (CNS) TB varies from meningeal involvement to compressive myelopathy from vertebral TB. Rapid recognition of tuberculous meningitis (TBM) is essential as delays in initiating treatment are associated with poor outcome. Delayed diagnosis and treatment of TBM heralds' poor neurological outcomes. The laboratory diagnosis of TBM is hampered by the low yield from CSF and the slow growth of M. tuberculosis. The current schedule of treatment of TBM has undergone a considerable change and is now aimed at the elimination of TB by 2030. In this review, we examine the recent advances in the understanding of TBM, its diagnosis, and the treatment.
PAthogenesIs o f t u b e r c u lo u s m e n I n g I t I s
Mycobacterium tuberculosis is acquired by droplet inhalation into the lung alveoli. The bacilli trigger the innate immune response, which activates macrophages, leading to the formation of granuloma and containment of infection. Early in the course of this process, prior to the containment of infection, bacilli are filtered into the lymph nodes, resulting in a low-level bacteremia. 3 It is widely accepted that CNS-TB develops as a result of hematogenous spread of TB bacilli during this phase. 4 This theory is supported by the fact that intravenous inoculation of TB bacilli in rabbits and guinea pigs lead to the formation of tuberculomas. The inoculum forms a subpial focus of granuloma in the brain, spinal cord, or the meninges, called Rich's focus. 5 Rupture of this focus into the subarachnoid space leads to an active inflammatory response in the meninges leading to TBM 6 (Flow chart 1). In children with good cellular immunity, the focus gets organized into tuberculoma. TB bacilli can also remain dormant within Rich's foci and CNS-TB often occurs months after initial dissemination of TB bacilli. 5 
clAssIfIcAtIon A n d c l I n I c A l f e At u r e s
Central nervous system (CNS) tuberculosis can be classified according to the intracranial and spinal involvement ( Table 1 ).
Tuberculous Meningitis
Tuberculous meningitis (TBM) is the most common of CNS TB. About 10% have a history of prior TB and only <50% have active Flow chart 1: Pathogenesis of tuberculous meningitis pulmonary TB. 7, 8 The onset is usually insidious with irregular fever, malaise, weight loss and anorexia last few weeks. It is followed by headache, photophobia, and meningism. Infants may have bulging fontanelles. If untreated, the illness progresses to a vasculitic phase, with focal neurological deficits like cranial nerve palsies, hemiparesis often accompanied by seizures with worsening sensorium and coma. Three stages of TBM have been described, with prognostic significance 9 ( Table 2 ).
The manifestations of tuberculous meningitis can develop insidiously or in an abrupt manner similar to bacterial or viral meningitis. 10 The symptomatology of TBM can be either slowly progressive or have an abrupt onset similar to bacterial and viral etiologies. Since these causes predominate the cases of acute meningitis, the possibility of TBM is often not considered in an acute setting. They are usually treated empirically with antibiotics and steroids, with an apparent improvement. Such a missed diagnosis will later present with florid complications and are often fatal.
Cranial nerve palsies occur in 20-30% cases and are an important pointer towards tuberculous meningitis, in a case of undifferentiated meningitis. 11 Cranial nerves VI, VII, and II are the most affected. Most commonly involved nerves are the II, VI, VII cranial nerves.
Optic nerve involvement in TBM may be due to optochiasmatic arachnoiditis, optic nerve granuloma, third ventricular compression of optic chiasma (due to hydrocephalus ) or ethambutol toxicity. 12 Ophthalmoscopy shows papilledema in many cases. Choroid tubercles, seen in TBM associated with miliary tuberculosis, are pathognomonic but seen only in 10% cases.
Tuberculous Vasculopathy
Tuberculous vasculitis is considered as an important etiology of stroke in the young. 13 Dastur et al. had established the role of "tuberculous vasculopathy" in the pathogenesis of stroke and focal deficits by the autopsy study. 14 Cerebrovascular complications of TBM that occur typically as multiple or bilateral lesions in the territories of the middle cerebral artery perforating vessels are termed as tuberculous vasculopathy. Vasculopathy is a consequence of its immersion in the inflammatory basal exudate Tuberculous vasculopathy, a cerebrovascular complication of TBM, which occurs due to its immersion in the inflammatory basal exudate is seen commonly as multiple bilateral lesions in the area of distribution of the perforating vessels of the middle cerebral artery which is typically located in the interpeduncular fossa, encircles the optic chiasma and anterior cerebral vessels, extending along the Sylvian fissures to entrap the internal carotid as well as the middle cerebral arteries and their perforating branches ( Fig. 1 ).
Its extension posteriorly, covers the pontomesencephalic, medullary and cerebellar cisterns, the fibrinous tags causing blockage of the Foramina of Luschka and Magendie with resultant hydrocephalus. The consistent distribution of tubercules along the pial vessels and the occasional restriction of tuberculous lesions to an arterial territory prompted the conclusion that infarcts originated from a primary vascular pathology.
The origins of "primary vascular pathology" for the infarct in TBM was supported by the distribution of tubercles consistently along the vessels of the pia mater and selective restriction of tubercles to an area of feeding arterial vessel.
Vessel pathologies include three patterns as (1) infiltrative, (2) proliferative and (3) necrotizing vascular lesions leading to luminal thrombosis. 15 The characteristic angiographic triad of narrowing of supraclinoid part of the internal carotid artery, a widely sweeping pericallosal artery, or outward bowing of the thalamostriate vein, and delayed circulation in the middle cerebral artery with scanty collaterals and early draining veins support vasculitic pathology involving the internal carotid system. 13 Development of collaterals can give rise to the appearance of the moyamoya pattern in the region of basal ganglia and base of the brain.
Infarcts in TBM are multiple, bilateral and localized to the 'tuberculous zone' involving the caudate nucleus, anterior thalamus, anterior limb and genu of the internal capsule, in contrast to the posterior location of the ischemic thromboembolic infarcts.
Unusual neurological presentations of TBM may result in diagnostic difficulty. [11] [12] [13] Abnormal neurological manifestations of TBM pose diagnostic dilemmas. Movement disorders may occur after infarction of the basal ganglia and present with tremor, chorea, ballismus or mycolonus. 14 
Infarctions of the basal ganglia present with movement disorders such as tremors, chorea, ballismus or myoclonus
Hydrocephalus is a common complication of TBM., This occurs due to basal exudates rich in protein, which forms a fibrinous septum and clog the cerebrospinal fluid (CSF) pathways. This can lead to a falsely low CSF opening pressure. A progressive dip in sensorium in a patient with TBM should alert the possibility of this complication, and warrants an emergency imaging.
Serous TB Meningitis
Lincoln used the term tuberculous serous meningitis to describe a condition in which there were signs of early localized meningitis occurring in patients suffering from pulmonary tuberculosis. 16 Serous TB meningitis is characterized by signs and symptoms of mild meningitis with spontaneous recovery. The pathogenesis is uncertain but is considered to be an immune reaction. The signs present in such cases indicated varying degrees of meningeal irritation with minimal changes in the cerebrospinal fluid.
Tuberculous Abscess
Tuberculous abscess is an advanced stage of tuberculoma, a focal collection of pus, with abundant bacilli. Clinical symptoms are similar to tuberculomas except for a higher incidence of fever. A tuberculous abscess can be difficult to differentiate from pyogenic or fungal abscesses, but the finding of lipid lactate peak on magnetic resonance spectroscopy is highly characteristic of TB abscess. 17
Tuberculous Encephalopathy
Like serous meningitis, tuberculous encephalopathy (TBE) is an established disease entity described exclusively in infants and children, characterized by diffuse cerebral damage due to an immune reaction. 18 Symptoms include altered sensorium and seizures, without focal neurological deficits or meningeal signs. CSF is usually normal or may show a slight elevation in protein or cells. Pathologically it is characterized by diffuse cerebral edema, white matter demyelination and loss of neurons from grey matter. 19 
Tuberculoma
Tuberculomas are conglomerates of tubercles within the brain parenchyma. About 10% of TBM have coexisting tuberculomas, one-third of which is multiple. 20 Common presentations is as a mass lesion, with or without fever. Tuberculomas are 2nd to neurocysticercosis as single enhancing brain lesions (SELs), in patients presenting with focal seizures. One differential is tumefactive ADEM. Tuberculomas are typical, supratentorial in adults, while in children, it is infratentorial. Infratentorialtuberculomas are commonly seen in children as compared to adults where they are located supratentorially. It can also develop in the spinal cord, subdural or epidural space.
Paradoxical enlargement of tuberculomas. Paradoxical reactions (PR) after starting of ATT is seen in 2-23%. 21 This does not represent the failure of ATT; the most likely explanation for these phenomena is an interaction between the host's immune response and the direct effects of mycobacterial products. PR is to be suspected when there is transient worsening or appearance of new signs or symptoms or radiographic manifestations of TB 2-4 weeks after starting of ATT.
Tuberculous Rhombencephalitis
Tuberculous rhombencephalitis is hindbrain (brainstem and cerebellum) tuberculoma which may be confused with Listeria infection or tumor.
Hypertrophic Pachymeningitis
Hypertrophic pachymeningitis is characterized by fibrosis and diffuse/localized thickening of dura. 22 Common sites of involvement are cavernous sinuses, the floor of middle cranial fossa and tentorium. This condition is to be differentiated from common tuberculous leptomeningitis. Pachymeningitispresents with headache, cranial nerve palsies, and other focal neurological deficits. [23] [24] [25] Many such cases are idiopathic or due to other granulomatous infections. MRI features qv.
Tuberculosis of Spine (Pott's Spine)
Tuberculosis of the spine (Pott's spine) affects the thoracic > lumbar or cervical spine. 26 In children, the intervertebral disc is affected first because it is vascularized compared to unlike the anterior aspect of the vertebral body in adults, then destruction and subsequent involvement of the body of the adjacent vertebrae occurs. Narrowingintervertebral space leads to collapse, anterior wedging of the vertebrae, and formation of a Gibbus deformity. 27 Epidural and paraspinal abscess also may be formed. All this can compress the spinal cord leading to paraplegia. Pott's spine presents with pain which can be spinal or radicular. We have seen children presenting with severe arching of the back due to severe paraspinal spasm. Constitutional symptoms are present in less than 40% cases and hence early diagnosis is often missed until the patient develops a neurological deficit. 28 This includes spinal cord compression with paraplegia, impaired sensation, nerve root pain, and/or cauda equina syndrome.
Spinal Cord Tuberculomas
Nonosseous spinal cord (intramedullary) tuberculomas can occur without evidence of Pott's spine and occur most commonly in the thoracic region, which are indistinguishable from other spinal cord tumors. 29
Tuberculous Spinal Arachnoiditis
Tuberculous spinal arachnoiditis and radiculomyelopathy are rare causes of paraplegia in endemic countries. 30 The inflammatory exudate surrounds and tethers the spinal nerve roots and compresses the spinal cord. Frequently there is coexisting periarteritis also. Neuronal damage is caused by both compressive and ischemic components. It presents as a sub-acute/progressive sensorimotor paraparesis with bladder involvement, radicular pain, and LMN signs. Contrast MRI reveals intense enhancement of meninges and nerve roots. 31 HIV/TB coinfection. Children with HIV have an overall risk (5 times more) of involvement of the CNS as against children without HIV and children who received adequate ART and ATT had paradoxical reactions (tuberculomas) and immune reconstitution inflammatory syndrome (IRIS). Children with HIV have an overall risk (5 times more) of involvement of the CNS as against children without HIV and children who received adequate ART and ATT had paradoxical reactions (tuberculomas) and IRIS.
HIV positive children have 5 times high chance to develop CNS involvement than who are HIV negative. Interestingly paradoxical development of intracranial tuberculomas is seen in patients receiving adequate antiretroviral and ATT IRIS.
Unique features of HIV/TB coinfection include extrapulmonary disease, disseminated disease, rapid progression, visceral lymphadenopathy, tissue abscesses, and negative tuberculin skin test. As there is a higher chance of developing TB in the setting of HIV and has a worse outcome, HIV testing should be done in all children diagnosed with TB.
It is mandatory for HIV testing in all children with confirmed TB, as HIV-TB coinfections have poor outcomes. Risk of IRIS, a potentially fatal condition is high in HIV patients and getting treatment with ART and ATT. Two forms of IRIS are (a) paradoxical TB-IRIS occurring in patients diagnosed with TB and started on ATT before ART, who then manifest with recurrent or new TB symptoms after ART initiatio, (b) unmasking TB-IRIS occurring in patients who are not on ATT when they were started or ART, and who then have an unusual inflammatory presentation of TB in the first 3 months of ART. 31 dIAgnosIs Since many features are atypical diagnosing CNS TB clinically is challenging and requires a high index of suspicion. Similarly, isolating organisms in vitro is also quite difficult. It is because of low bacterial load in CSF and inaccessible sites of infection within the CNS. The currently available modalities of diagnosis are following.
Cerebrospinal Fluid Examination
CSF should be examined for the opening pressure, cell count, biochemical parameters, acid-fast staining, culture, and nucleic acid amplification tests. Most cases have lymphocytic pleocytosis with a total count of 50-500 cells/mm. 32 A normal cell count does not exclude the diagnosis of TBM, as extensive exudates can lead to fibrosis and septation within the subarachnoid space, limiting the yield. Though elevated protein (100-500 mg/dL) is usual 25% have concentration less than 100 and 10% have greater than 500 mg/dL. If CSF is allowed to stand at room temperature for 6-12 hours, a "cobweb" coagulum is formed.
When the CSF is kept undisturbed at room temperature for a period of 6-12 hours, the classical "cob-web" formation is well seen.
Extremely high levels of 2-6 g/dL has a poor prognosis. 33 CSF glucose is moderately low and about 80% of cases have values less than 45 mg/dL. Bacterial meningitis has very low and viral meningitis has normal CSF sugar level. With ATT, longitudinal analysis of CSF has shown that even though 96% cases had a drop-in cell count by 50% after one month, pleocytosis persisted in 36 and 16% after 6 and 24 months respectively. Normalization of protein level may take more than one year. CSF glucose levels normalize much faster, with 58 and 88% normalizing after one and two months respectively. 34
Smear Examination and Culture
The yield of smear examination by routine Ziehl-Neelsen and Kinyoun stains is very low in TBM. To increase the yield, 10 mL of CSF, should be centrifuged at 3000 xg for 10 minutes and the deposit should be examined. 29 Even with the best techniques smear examination has a sensitivity of 37% 9 and culture has only 52%. Repeated sampling, the examination of the slide for 30 min, pretreatment of CSF leukocytes with triton prior to ZN staining 32 and use of LED fluorescent microscopy 33 can increase the yield up to 83%.
Microscopic observation drug susceptibility assay (MOD), is a rapid (median time to positivity of 6 days compare to Lowenstein-Jensen (LJ) culture, liquid culture assay that detects mycobacterial growth using Middlebrook 7H9 broth culture and an inverted microscope. 34 
Adenosine Deaminase
Adenosine deaminase is an enzyme in purine metabolism and a surrogate marker of lymphocyte activation. The literature on the usefulness of CSF ADA in TBM diagnosis is inconsistent, due to lack of optimal cutoff value, missing of too many TBM cases, lack of ADA assay standardization and overlap in performance of the assay in different diagnostic categories. 35, 36 Polymerase Chain Reaction TB polymerase chain reaction (PCR) amplifies the MPB64 gene or the insertion element IS6110. It has a sensitivity of 56% and specificity of 98%. Routine PCR testing is completely replaced by cartridgebased nucleic acid amplification test (CBNAAT). 37
GeneXpert MTB/RIF Ultra
This is a cartridge based, automated, NAA test, which uses PCR specific to M. tuberculosis (MTB), and simultaneously detects rifampicin resistance gene, rpoB. In 2017, 38 WHO and Index-TB Guidelines: Guidelines on extrapulmonary tuberculosis for India recommended that the newer version, (GeneXpert MTB/RIF Ultra) be used for all adults and children with signs and symptoms of TB and in the testing of selected extrapulmonary specimens (CSF, lymph nodes and tissue specimens). [39] [40] [41] A negative Xpert result does not exclude TBM, as a differential and the decision to start empirical ATT should be based on clinical and CSF findings. 42
Other Tests
Interferon-gamma release assays such as enzyme-linked immunospot (ELISPOT) and Quantiferon Gold are used for the diagnosis of latent TB and are not specified for the diagnosis of TBM. The ELISPOT and Quantiferon gold test which are IFNgamma assays used to for diagnosis of latent TB are not useful for diagnosis of TBM. Currently, the use of these serological tests is banned in India A quantitative proteomics approach to discover protein biomarkers for tuberculous meningitis is a potential novel diagnostic test, but currently, experimental-a single study has identified a potential biomarker (ALOX-5). ( An experimental novel diagnostic marker "ALOX-5" is in the pipeline for new biomarkers in TBM. 43 An antigen lipoarabinomannan (LAM) detection in urine is used as a community level screening test for diagnosis of pulmonary TB. 44
Scoring systems for TBM Diagnosis
The classical triad of meningitis, viz., fever (67%), headache (adults, 25%) and signs of meningismus (children, 78%), may not be seen in all children. Kumar et al. had described clinical variables predictive of TBM, which include symptoms persisting for more than 6 days, optic atrophy, focal neurologic deficit, abnormal movements, and a CSF leukocyte differential of less than 50% neutrophils. 45 The diagnostic sensitivity was 98%, and specificity was 44% when at least one feature was present, and sensitivity was 55%, and specificity was 98% if three or more features were present.
Children usually do not present with the classical triad of meningitis as compared to adults (fever, headache, and signs of meningeal irritation) In published data by Kumar He also concluded that the sensitivty and specificity was 98% and 44% when one feature was present as compared to 55% and 98% when more than 3 clues were present.
For clinical research, the Lancet consensus scoring system can be used which is applicable irrespective of the patient's age. 46 It has 20 parameters, which are divided into four categories (clinical, CSF, imaging and TB elsewhere) with a maximum score of 20. A definite diagnosis of TBM is made if there is evidence of AFB in CSF, culture or on histopathology of the brain or spinal cord. A probable diagnosis is considered if the score is >10 points if patients have no imaging, or >12 points if imaging was used. A possible diagnosis is made with scores between 6 and 9 without imaging or 6-11 with imaging.
Radiographic Features

Tuberculous Meningitis
Ideally for TBM diagnosis, contrast scans to be taken as a noncontrast CT/MRI may be normal. However, complications like hydrocephalus can be seen. On both MRI and CT contrast scan basal enhancing exudates, leptomeningeal enhancement along Sylvian fissures, with mild enlargement of ventricles is a helpful clue for diagnosis. Infarcts, ependymitis and associated tuberculoma also may be present.
Magnetization Transfer (MT) Spin Echo
Significantly lower MT ratio is seen in tuberculous meningitis as compared to fungal and pyogenic meningitis
Tuberculomas
On CT/MRI, tuberculomas appear as a round or irregular nodule with moderate to marked edema. Post-contrast disc or ring enhancement is typical. "Target sign" a central focus of calcification with a ring of peripheral enhancement is also described but is not specific to tuberculoma.MR spectroscopy with an elevated lipidlactate peak and decrease in NAA/Cr ratio is also helpful.
Tuberculous Pachymeningitis
Both T1 and T2 weighted MRI shows hypointense thickened dura and contrast will reveal an intense homogenous enhancement. These enhanced meninges "Eiffel by night" is a sign due to the Involvement of falx and tentorium with hypertrophied dura giving the appearance of the illuminated Eiffel tower by night on contrast-enhanced coronal sections of T1 weighted image 47 (Fig. 2) .
treAtment o f t u b e r c u lo u s m e n I n g I t I s
National Strategic Plan for TB elimination 2017-2025 envisages innovative steps to eliminate TB in India by 2030. The plan is to reduce the estimated TB Incidence rate from 217 (112-355) per 100,000 in 2015 to 44 (36-158) 
Drug Treatment 41,42
Since the treatment for TB falls in general line and described in other articles only specific points pertaining to TBM will be discussed here.
According to the WHO guidelines for national tuberculosis programs on the management of tuberculosis in children the standard first-line regimen for drug-sensitive TBM is a two-month "intensive phase" with isoniazid, rifampicin, pyrazinamide, and ethambutol or streptomycin followed by a 10-month continuation phase with isoniazid and rifampicin (2HRZE or S/10HR). But the current RNTCP guidance is to use ethambutol in the continuation phase because of the risk of isoniazid mono-resistance. In view of mono resistance for INH, the current RNTCP-guidelines endorse the use of ethambutol in the continuation phase (Table 3) .
But it recommends 9 months (2 + 7). Given the potentially devastating outcomes of relapse on the one hand and the disadvantages of long therapy, on the other hand, a pragmatic clinical decision by the treating pediatrician is what is warranted. The decision to balance the fine tilt of disease relapse versus potential side effects of prolonged antitubercular therapy is best left in the hands of the experienced clinician.
Multidrug-resistant Tuberculosis
As it is difficult to isolate AFB in childhood TBM multi drug-resistant TBM (resistant to both isoniazid and rifampin) should be suspected in a child who has a poor response, even after being compliant to standard ATT regimen or/and have a history of exposure to a case of MDR-TB. The treatment of resistant TB required the use of reserve or second-line drugs for up to two years. Now shorter regimen known as Bangladesh regimen have a higher cure rate than "standard" MDR-TB regimens, the Bangladesh regimen is a short course 9-month regimen, for the treatment of "uncomplicated MDR TB," i.e., TB only resistant to first-line drugs rifampicin and isoniazid. The regimen includes seven drugs: isoniazid, kanamycin, prothionamide, gatifloxacin, clofazimine, ethambutol, and pyrazinamide. First three drugs are used only for the first four months. However, in December 2018 WHO recommended not to use injectable in TB treatment. 48 In 2016, controlled use of Bedaquiline and, the delamanid interim policy, was extended to children aged 6-17 years following a review of data from a 6-month safety, efficacy, and pharmacokinetic trial of pediatric patients. Adjunctive Anti-inflammatory Therapies
Steroid
Although the use of steroid in TBM is accepted as a recommendation (Table 3) , two aspects are being still debated. Usefulness in the longterm outcome and the mechanism of how steroids benefit TBM. One large trial in 545 Vietnamese adults showed only a reduction in mortality but not in neurological disability in those treated with dexamethasone, compared to placebo. 49 In published data by Thwaites et al. in adults in Asia showed a reduction in mortality in the Dexamethasone treated group as compared to the placebo; however, there were no significant changes in neurological outcomes. The role of steroid in reducing the inflammatory response is also studied. In a well-conducted study of the inflammatory response in TBM it is found that steroid did not improve survival from TBM by attenuating immunological mediators of inflammation in the CSF, nor by suppressing peripheral T cell responses to mycobacterial antigens, challenging previously held views of the pathogenesis of TBM.
Contrary to previous hypotheses which concluded that steroids worked by suppressing the cell-mediated immune response to MTB antigens and also by reducing mediators of inflammation in the CSF, published data was not able to show such associations. A few studies have shown that LTA4H genotype may be central to the inflammatory response in TBM and patients with the TT genotype were significantly more likely to survive TBM than those with the CC genotype. Thus, LTA4H genotype may predict adjunctive corticosteroid responsiveness.
Other Inflammatory Modulators
Studies have shown that use of aspirin is found to be associated with a significant reduction in mortality but nonsignificant reduction in stroke at 3 months. 50 Role of thalidomide is also studied in a number of non-HIV and HIV TBM setting.
conclusIon
To have an improved survival rapid and accurate diagnosis and prompt initiation of therapy is mandatory. Early diagnosis and treatment are necessary for improved outcomes.
The current diagnostic techniques are not sufficient enough for confirmation of TBM and much reliance is on imaging. On both MRI and CT contrast scans basal enhancing exudates, leptomeningeal enhancement along Sylvian fissures, with mild enlargement of ventricles is a helpful clue for diagnosis. Certain recent developments like improved smear microscopy and the use of novel biomarkers are promising for improving the diagnostic yield.
Still, the duration of ATT is clinician determined, and the advice by WHO and RNTCP is a bit varied regarding the continuation phase and use of 3 drug or 2 drugs.
According to the WHO guidelines treatment of TBM, is a twomonth "intensive phase" with isoniazid, rifampicin, pyrazinamide, and ethambutol or streptomycin followed by a 10-month continuation phase with isoniazid and rifampicin. A recent development is an advice of not to use injectables. Adjunctive corticosteroids appear to improve survival in HIV-negative patients with TBM, but the mechanism by which they exert their beneficial effects are poorly understood Corticosteroids are an essential add on treatment for children with TBM and they improve neurological outcomes and morbidity; however, their exact mechanism of action in this aspect has not been clearly elucidated.
Targeted immunomodulatory therapies based on patient genotype is another interesting development that is happening. Further advances in the treatment, especially of drug-resistant TB, is also on the anvil.
references
Firstline treatment for adults and children with TB meningitis
Intensive phase: 2 months 2019 RHZE Continuation phase: at least 10 months RHE Daily therapy Presumptive TBM patients should be referred to a secondary/tertiary care center immediately If the patient is critically ill, treatment with ATT may be started prior to transfer. Where possible, CSF sampling prior to initiation of treatment is preferred; but this should not unduly delay initiation of ATT Residual neurological deficits may be permanent and should not be used to assess for active TB infection
Drug-resistant cases
Drug-resistant TBM should be suspected in patients with poor response to standard ATT and a history of exposure to MDR-TB.
Steroids
HIV-negative patients
Steroids are recommended for TB meningitis in HIV negative people. Duration of steroid treatment should be for at least 4 weeks, with tapering as appropriate (strong recommendation, highquality evidence) 
